Background. In British Columbia, multidisciplinary predialysis clinics encourage patients to consider independent modalities of renal replacement therapy (RRT) such as peritoneal dialysis (PD) 'first'. Despite up to 50% of patients choosing PD, PD incidence rates are ∼30%. We explored the relationship between predialysis RRT choice and arteriovenous fistula (AVF) creation prior to hemodialysis (HD) start with particular focus on the group of patients who despite PD choice actually commence HD, and thus may contribute to 'suboptimal' HD starts without AVF creation. Methods. We conducted a retrospective cohort study of all patients starting dialysis between 31 December, 2006 and 31 December 2008 in the province of British Columbia. Inclusion criteria were >3 months predialysis nephrology follow-up, at least one predialysis RRT education session and maintenance on dialysis for a minimum of 3 months (to ensure chronic dialysis). Patients with any prior history of RRT were excluded. Results. There were 508 patients included in the study: 127 (25%) patients chose HD, 114 (22%) PD, 13 (3%) pre-emptive transplant, 5 (1%) conservative management and 249 (49%) had no documented modality decision. Of those who chose HD, 94% commenced HD. For those who chose PD, 64% commenced PD and 36% HD. In the undecided group, 68% started HD and 32% PD. For those patients who chose PD predialysis, the presence of cardiovascular disease [odds ratio (OR) 2.36, 95% confidence interval (CI) 1.02-5.43] and lower serum albumin levels (OR 0.92, 95% CI 0.86-0.98) were associated with failure to commence PD. Predialysis AVF creation rates were 79% of those who chose and started HD, 39% of those who chose PD but started HD and 50% of those in the undecided group who commenced HD. Conclusions. AVF creation rates prior to HD start were lower in those patients with no documented dialysis modality choice and in those who failed to commence PD. Cardiovascular disease and lower serum albumin levels were associated with failure to start PD. Further work to ensure the efficacy of RRT modality choice pathway and to better predict those patients who will fail to commence PD is necessary, so that dialysis start can be 'optimized' with AVF creation in high-risk groups.
Introduction
The promotion of independent renal replacement therapies (RRT) such as peritoneal dialysis (PD) and home hemodialysis (HHD) has become a recent focus for many chronic kidney disease (CKD) patients due to mounting evidence suggesting improved outcomes for patients and cost savings to healthcare systems [1] [2] [3] [4] .
In the province of British Columbia, Canada (a population of ∼4.3 million), CKD patients with progressive kidney disease attend multidisciplinary CKD clinics. Predialysis education encourages all patients, without a contraindication, to start on an independent RRT modality. As a result of this education, PD is the documented first choice in ∼50% of patients with a predialysis decision; PD rates are increasing by 7-8% per annum with 25-30% of dialysis patients maintained on PD [5] .
An equally important initiative has been the promotion of arteriovenous fistulas (AVF) in all eligible patients who choose hemodialysis (HD), as AVFs have been shown to improve outcomes and reduce costs when compared with central venous catheters [6, 7] . For those patients who choose HD, there are guidelines for the timing of referral to multidisciplinary vascular access clinics regarding AVF creation. The rate of HD patients dialyzing via an AVF has been slower to improve with ∼20% of patients starting HD with a fistula and 50% of prevalent HD patients dialyzing with an AVF in British Columbia.
More patients choose PD than start on PD; therefore, we hypothesized that many patients who choose PD start and remain on HD, potentially leading to more 'suboptimal' HD starts without AVF creation predialysis.
Materials and methods

Setting and subjects
This was a retrospective cohort study of patients starting dialysis in British Columbia. All patients starting HD or PD between 31 December 2006 and 31 December 2008 were considered for inclusion. Patients were included if they had a minimum 3 months predialysis nephrology follow-up, at least one documented predialysis RRT education session and a minimum 90 days on dialysis (to ensure dialysis was chronic rather than acute). Patients with any history of prior RRT, including kidney transplantation, were excluded.
Data collection
Data were collected prospectively using a provincial CKD patient registry (PROMIS), which is a province-wide integrated registry for kidney disease patients. Data collection included demographics, comorbidities, laboratory variables, duration of nephrology follow-up, modality choice, reason for modality choice, dialysis start modality, any change in modality over the course of the study and AVF creation prior to dialysis start.
In the database, there were six options to record the reason for modality choice: geographical, social, psychological, individual preference, medical and MD advice. For the purpose of analysis, there were three categories: 'social' (which included geographical and psychological), 'medical' (which included MD advice) and 'patient preference' (individual preference).
To assess the impact of modality choice on AVF rates, it was decided to use AVF creation rather than AVF use. AVF creation was a clearer endpoint than AVF use, given the number of factors that affect AVF use (e.g. provision for ultrasound mapping, primary failure rates and cannulation expertise).
All patients in the PROMIS database sign a consent form for the use of their de-identified data for quality improvement purposes.
Predialysis RRT education
In British Columbia, predialysis RRT education is led by specially trained predialysis nurses in conjunction with the multidisciplinary team which includes nephrologists and social workers. During the initial consultation, dialysis (with a focus on independent dialysis options including PD and HHD for eligible patients), conservative care and transplantation are discussed. Patients are actively assessed regarding suitability for independent dialysis modalities using standardized criteria including the Match-D tool (designed specifically to aid the assessment of suitability for home dialysis modalities) [8] . All suitable patients are encouraged to consider PD 'first'. Further education is guided by the patient's modality preference and their preferred learning style taking into account the patient's language, literacy, education and their expressed preferences (e.g. web-based information versus reading material). Educational methods include individual counseling, written material, audio/visual material, web browsing and group discussions. Provincial resources (written, DVD and web-based) have been developed and translated into five languages to ensure consistent messaging between programs.
Outcomes
The outcomes of interest were as follows:
(i) To assess the proportion of patients who started dialysis on the modality chosen predialysis. (ii) For those patients who chose PD predialysis, to assess the factors that predicted dialysis start on PD versus dialysis start on HD.
(iii) To compare the proportion of patients in each group who had AVF creation prior to dialysis start.
Statistical methods
Categorical variables were summarized using frequency and percentage with differences measured using the χ 2 test. Normally distributed continuous variables were summarized using the mean ± SD with differences measured using a t-test. Non-normally distributed continuous variables were summarized using the median (inter-quartile range) with differences measured using the non-parametric Wilcoxon test. To assess which factors were associated with HD versus PD start, logistic regression analysis was used. Potential confounders for multivariable analysis were determined based on a threshold statistical significance of P ≤ 0.2 in univariate analysis. Stepwise model selection methods were applied in multivariable logistic regression.
Results
During this 2-year study, 1340 patients commenced dialysis. Of the 1340 patients, 508 patients started dialysis via multidisciplinary predialysis clinics and met study inclusion criteria; 832 patients were excluded. Of excluded patients, 429 commenced dialysis with <3 months nephrology follow-up, 257 had no documented predialysis education session and 146 had a prior history of RRT. Of the 508 included patients, 341 patients (67.1%) commenced HD and 167 patients (32.9%) commenced PD. At 3 months prior to dialysis start, 249 patients (49.0%) had no documented modality choice and 259 patients (51.0%) had a documented choice. Of those with a chosen modality, 127 patients (49.0%) had chosen HD, 114 patients (44.0%) PD, 13 patients (5.0%) pre-emptive transplant and 5 patients (1.9%) conservative management.
Baseline characteristics
The only significant difference in baseline characteristics between patients who were undecided versus those who were decided re-modality at 3 months predialysis was the rate of estimated glomerular filtration rate (eGFR) decline in the year prior to dialysis start (−7.17 versus −5.79 mL/ min/m 2 , respectively, P = 0.01). However, the absolute number of eGFR measurements in the year prior to dialysis (12 versus 12, P = 0.76), the eGFR at dialysis start (10 versus 10 mL/min/m 2 , P = 0.13) and the duration of predialysis nephrology follow-up (30 versus 28 months, P = 0.08) were similar between the two groups. Comparing those who were undecided with those who had a documented modality choice, there was no difference in age (68 versus 67 years, P = 0.83, respectively), gender (60 versus 54% male, P = 0.13), race (66 versus 58% Caucasian, P = 0.09), the presence of diabetes (52 versus 48%, P = 0.38) or the presence of cardiovascular disease (35 versus 40%, P = 0.26) ( Table 1) .
Comparing patients who chose HD predialysis with those who chose PD predialysis, the only significant difference was a lower serum albumin in those who chose HD (35 versus 36 g/L, P = 0.05). There were no differences in age (69 versus 68 years, P = 0.13, respectively), gender (50 versus 54% male, P = 0.46), race (60 versus 56% Caucasian, P = 0.08), presence of diabetes (54 versus 44%, P = 0.13), presence of cardiovascular disease (45 versus 36%, P = 0.16), body mass index (BMI) (27.7 versus 26.0, P = 0.10), eGFR decline in the year prior to dialysis (−5.26 versus −5.86 mL/min/m 2 , P = 0.93) and months of nephrology follow-up (32 versus 27 months, P = 0.27) ( Table 1) .
Reason for modality choice
Of the 241 patients with a recorded modality choice of either PD or HD, 62.2% (150) 
Predialysis modality choice versus dialysis start modality
Most of the patients who chose HD predialysis commenced HD (94%). Of those who chose PD, 73 patients (64%) commenced PD and 41 patients (36%) commenced HD. For those patients with no documented decision, 79 (32%) commenced PD and 170 (68%) commenced HD ( Table 2) .
PD as a predialysis modality choice. There were 114 patients who chose PD predialysis; 73 of these patients started PD and 41 HD. The patients who chose PD but started on HD were older [odds ratio (OR) 1.03, 95% confidence interval (CI) 0.99-1.06, P = 0.06], were more likely to have cardiovascular disease (OR 2.36, 95% CI 1.07-5.22, P = 0.03) and had lower serum albumin levels (OR 0.92, 95% CI 0.86-0.98, P = 0.01) than those who chose and commenced PD. There was no significant difference in gender, race, presence of diabetes, BMI, eGFR at dialysis start, eGFR decline in the preceding year and duration of nephrology follow-up between those who commenced PD versus those who commenced HD (Table 3) . On multivariable analysis, cardiovascular disease (OR 2.36, 95% CI 1.02-5.43, P = 0.04) and serum albumin (OR 0.92, 95% CI 0.86-0.98, P = 0.02) were associated with HD start in patients who chose PD.
AVF creation predialysis. There were marked differences in the rates of AVF creation between the groups of patients. Of the patients who chose HD and started HD, 79% (95 of 120) had AVF creation prior to dialysis start. In contrast, 41% (17 of 41) of those who chose PD but started HD had predialysis AVF creation; 7% (5 of 73) of those who chose PD and started PD had AVF creation. Of those patients who were undecided, 50% (85 of 170) had AVF creation predialysis (Table 4) .
Of those who chose PD but started on HD, 6 patients subsequently switched to PD and 14 patients switched from PD to HD. The progression of patients who chose PD is shown in Figure 1 . Impact of predialysis modality choice on AVF creation
Discussion
In British Columbia, 44% of predialysis patients with a documented modality choice chose PD; however, a significant proportion of these patients (36%) failed to start their modality of choice and commenced HD instead. The patients who chose PD but started HD were more likely to have cardiovascular disease and lower serum albumin levels; there was also a trend toward these patients being older. There were no differences in the duration of nephrology follow-up, eGFR at dialysis start or rate of eGFR decline in the year preceding dialysis start for those who started HD instead of PD, suggesting that these were not patients who deteriorated rapidly and required urgent dialysis start. Those patients who chose PD but commenced HD had a lower rate of predialysis AVF creation than those patients who chose and started on HD but a higher rate than those patients who chose and started PD, indicating that physicians had reservations about some patients' suitability for PD and referred them for 'back-up' vascular access creation. Which patients, who choose PD, should have back-up AVF creation? This question is not easily answered by current literature and clinical practice guidelines. Most studies, such as that by Beckingham et al. [9] , have looked at 'back-up' AVF creation around the time of commencing PD and have shown that the vast majority of these fistulae are either never used or have failed by the time the patient required HD. This is reflected in clinical practice guidelines which do not recommend AVF creation for all patients choosing PD; the guidelines either do not comment on which patients should have AVF creation or leave it to physician discretion [10] . Of further concern, creation of a 'back-up' AVF may be perceived by patients as having HD chosen for them [11] . In order to improve AVF rates in the group of patients who fail to commence PD without compromising the patients' modality choices, it is imperative that we better determine the factors associated with commencing HD so that 'physician discretion' can be guided by evidence.
British Columbia has well-established predialysis clinics, a systematic approach to predialysis education, RRT modality selection based on patient preference and 20-30% of patients maintained on independent modalities of RRT. Even with this, 49% of patients in our study had no documented preferred modality choice, despite more than an average 26 months predialysis follow-up across all patient groups. The reasons for this are not clear but likely include patient indecision and failure of healthcare staff to document decisions in the database. Irrespective of the reason for no documented decision, these patients were much more likely to start on HD (68%) and those who started on HD were less likely to have AVF creation (50%) than those who chose and started HD (71%). If patients are truly unclear regarding modality preference or do not wish to make this decision, then from the data presented herein, they will almost certainly commence HD and should be referred for vascular access assessment to maximize the possibility of an optimal HD start.
Despite initiatives in North America to improve AVF incident use, incident rates remain at 20-30% in Canada All variables with P < 0.2 in univariate analysis were included in the multivariable model, then backward model selection was performed to obtain the final model. and the USA [12, 13] . One contributing factor is 'suboptimal' HD starts which are estimated at 15-60% of all HD starts depending on the center and on the definition of suboptimal initiation. Most definitions of suboptimal start are based on a short duration of predialysis nephrology follow-up [14] . However, it is increasingly recognized that 25-50% of patients followed by nephrology for at least 4-12 months start HD 'suboptimally' without a functioning AVF [12, [14] [15] [16] . If AVF incidence rates are to improve, steps must be taken to identify the factors and systems that impact predialysis AVF planning in patients followed by nephrology. These data highlight the importance of ensuring that appropriate modality choices are made, recorded and acted upon. Referral for vascular access assessment, plus possible AVF creation, in patients who are undecided regarding modality and in patients at high risk of failing to commence PD should improve AVF incidence rates for patients followed by nephrology. Where a substantial proportion of patients have chosen PD, there is opportunity to ensure that PD starts are facilitated, to ensure the modality choice remains appropriate and to better recognize those at higher risk of failing PD. Since we seem to be able to identify some factors that predict a failure to start on PD as the modality of choice, it may be prudent to target our efforts to those higher risk individuals.
Only one other study has specifically explored the relationship between predialysis RRT modality choice following education and the actual RRT start modality. In this study at the University of Rochester, 227 (13%) patients received predialysis education out of ∼1800 incident dialysis patients over 6 years; 217 patients met study inclusion criteria. Similar to our study, almost all patients who chose HD commenced HD (40/41), most patients who were undecided regarding modality commenced HD (45/52), and a significant proportion (52%) of those who chose PD commenced HD instead (65/124). On multivariable analysis, predictors of failure to commence PD were age older than 75 years, a non-glomerular cause of renal disease and unemployment. In contrast to our study, this study explored some of the socioeconomic factors that might be associated with failure to commence PD; income, education less than high school level, government insurance and marital status were not predictive [17] . In our study, included patients represented 38% of all patients who commenced dialysis in British Columbia over 2 years (508 out of ∼1340); 32% of patients commenced dialysis with <3 months nephrology follow-up [18] . Therefore, our results may be more applicable to centers where the majority of patients visiting a nephrologist for more than 3 months start dialysis via multidisciplinary predialysis clinics.
Based on the results of our study, and that at the University of Rochester, we recommend predialysis clinics ensure that modality decisions are made and recorded. Those patients who are uncertain or who do not wish to decide regarding RRT modality should have proactive vascular access assessment. Vascular access assessment should include, as a minimum, ultrasound vessel mapping with the patient being given information on vein preservation and the chance of a successful AVF creation [19] . This information may help the patient, family and medical practitioners determine the optimal modality of RRT. Even if access creation is not pursued at this stage because of concerns about removing patient choice or concerns about additional morbidity from failed access procedures, an access plan can be agreed upon predialysis and activated if the patient commences HD [11, [19] [20] [21] . Special attention should be paid to older patients with cardiovascular disease who choose PD. Their modality selection should be regularly reviewed to ensure that it remains appropriate, they should be educated regarding at least a 40% chance of commencing HD instead of PD, and they should be considered for vascular access assessment. We hypothesize that these measures will lead to improved AVF rates for those patients educated at the predialysis clinic.
The results of our study must be interpreted within the context of the study design. Although the study looks at practices in a number of different centers, these centers are all within one province of Canada and may not be applicable to practice in other centers. Data collection was prospective; however, the high proportion of patients with no documented decision may indicate that data collection was not complete for all patients. The study also looked only at those patients who commenced HD or PD; it did not investigate the modality decisions of all patients attending predialysis clinics. There are many other factors that potentially impact on modality choice and its commencement which we were not able to explore in this Impact of predialysis modality choice on AVF creationstudy; these include other comorbidities, social support structures, healthcare structures and the events immediately related to dialysis commencement. A further limitation of this study was AVF creation, rather than AVF use, as an outcome measure. Despite these limitations, we feel that our results are applicable to many centers with multidisciplinary predialysis clinics educating patients about their RRT modality choices.
The goals of predialysis care are to ensure appropriate RRT modality selection based on patient choice, to ensure commencement of the chosen modality, and to ensure successful vascular access creation for those patients who commence HD. Further studies are necessary to better understand the factors that influence a patient's chosen modality and its successful commencement. Further studies are also necessary to better predict AVF maturation plus successful use for HD, thus minimizing primary failure rates and reducing morbidity associated with unnecessary access creations.
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